Power conditioner, that is responsible for electric power conversion, is a critical component used in many renewable energy power generation systems. Most of the electric power produced by distributed energy resources cannot directly import to utility network without power conversion. Meanwhile, power conversion may includes several different types, for example AC/DC, and DC/AC, which is realized by a variety types of power conditioners in the electric power system. Currently, many concerns are focused on the operation of these power conditioners used in distributed energy resources due to the worse designing may cause the terrible influence on safety and performance characteristic of distributed energy resources. The power quality and reliability of interconnected electric power network may be affected as well. In the view of this, IEEE standards board provides a uniform standard for interconnection of distributed resources with electric power systems. It provides requirements relevant to the performance, operation, testing, safety considerations, and maintenance of the interconnection. Based on the IEEE 1547 standard, this paper presents a test system for power conditioners that are used in distributed energy resources or other renewable energy applications. Some of the test items that described in IEEE 1547.1 relevant to interconnection issues can be realized by proposed test system.
Introduction
The techniques of energy conversion are commonly used in distributed energy resources (DERs) and renewable energy applications. Meanwhile, the balance-of-system component power conditioner is the most striking one. Although power conditioners currently in many countries are not products need mandatory inspection. But manufacturers and operators are still much concerned on the mechanism operation and performance characteristic of power conditioner. IEEE 1547 series of standards present the technical requirements that recommend the power conditioner products should meet before enter to the market. These series of standards are also significant for many countries to develop smart grid techniques since lots of interconnection DER systems are included. In this paper, a power conditioner test system be constructed based on IEEE 1547 and IEEE 1547.1 standard is presented [1, 2] . Framework of the proposed test system is shown in section II. Section III gives some test cases that relate to the test items in standard. The status of certificate of accreditation for proposed test system is described in section IV, and section V addresses conclusions.
Framework of Proposed Test System
In the study, the proposed power conditioner test system mainly includes DC power source, equipment under test (EUT), AC power source, RLC load and monitor system, as shown in Figure 1 . The requirements of above-mentioned components are summarized as follow:
DC Power Source
DC power source is used to simulate the output DC source come from PV system or the certain of DC source that is converted by rectifier such as wind turbine system. The DC power source used in the study is a DC power supply. Requirements relevant to the DC power source are described in Table 1 .
AC Power Source
In general, the voltage, frequency and phase angle of AC power source should be adjusted so as to different test conditions can be performed. A programmable AC power supply is thus used to simulated electric power system (EPS) which is connected by the power conditioner. Table 2 shows the requirements of AC power source. between EUT and AC power source, the accuracy of RLC load may therefore be concerned. A non-inductance resistor bank with low resistance temperature coefficient is considered for R; an inductor with low-loss and lowresistance is used for L. C requires a low-inductance capacitor bank.
Monitor System
Lots of test results from proposed test system are obtained by recorded raw data calculation or waveform capture from oscilloscope. The monitor system may therefore include power recorder, CT, PT, data acquisition card, digital oscilloscope and power analyzer. The sampling rate, bandwidth and accuracy of these apparatus should be determined carefully since the deviation of test results may be cause from an unfavorable setting.
The entity of proposed test system is shown in Figure  2 . Table 1 . Requirements of DC power source.
Item Requirements
Output power Sufficient power must provide to EUT.
Variation
Due to the loads may include 5% variation, the response time of output voltage should less than 1ms and output current should not less than 10% of ending current.
Stability
The stability of DC power source output should maintain although the variation may be produced by loads. (variation less than 2%)
Fill Factor (only for PV system) Control to 0.2 -0.8 Table 2 . Requirements of AC power source. 
Case Study
Some test cases carried on a 4 kW PV inverter is used as EUT to assure the compliances of the operation and performance of proposed test system can meet IEEE 1547 presented. The specifications of tested EUT are simply summarized in Table 3 .
The case of abnormal overvoltage condition is shown in Figure 3 . The output AC voltage of EUT is adjusted from normal voltage 230 V to 10% of normal voltage 253 V (abnormal). It is found from EUT current, DER ceases to energize the EPS within it required clearing time (less than 1 sec).
Response to Abnormal Frequency Conditions
In IEEE 1547 section 4.2.4, for DR less than or equal to 30 kW in peak capacity, the frequency set points and clearing times shall be either fixed or field adjustable. For DR greater than 30 kW, the frequency set points shall be field adjustable. Figure 4 shows condition of under frequency. After the normal operation of EUT in 60 Hz, the frequency drop to 56.3 Hz. It is also found from EUT current, DER ceases to energize the EPS within it required clearing time (less than 160 ms). 
Synchronization
The purpose of synchronization test is to demonstrate that the EUT will accurately and reliably synchronize to the EPS. There are two methods described in IEEE 1547.1 for synchronization test. Method 1 verifies that a synchronization control function will cause the parallel device to close only when critical synchronization parameters are within allowable limits. Method 2 determines the magnitude of synchronization start-up current. The former is used for device that can generate voltage independently of EPS (such as stand-alone type DER), and the latter is used for devices that utilizes energy from EPS (e.g. an induction generator). Figure 5 shows the test results from method 1 and only the condition of frequency synchronization is presents in this paper. EUT still maintain well synchronous operation when the working frequency varies from 59.3 Hz to 60.5 Hz.
Limitation of DC Injection
The requirements described in IEEE 1547 about the limitation of DC injection is that the DER and its interconnection system shall not inject DC current greater than 0.5% of the full rated output current at the point of DER connection. Different EUT rated power conditions should be considered in test; however, the case of EUT operates at 33 % rated power is presented in this paper, as shown in Figure 6 .
Unintentional Islanding
Distributed energy generation can potentially support unintentional system islanding, isolated from the remainder of the EPS. The islanding effect poses a significant risk to safety and equipment, and need to be quickly Frequency Between 59.3Hz ~ 60.5Hz
EUT Current detected and eliminated. Islanding in general can be detected by sensitive under-and over-voltage and frequency functions, sometimes aided by active islanding destabilization techniques. In IEEE 1547, for an unintentional islanding where the DER energizes a portion of the EPS through the PCC, the DER interconnection system shall detect the islanding and cease to energize the EPS within 2 seconds of the formation of an islanding. Figure  7 shows when the DER in go into the islanding status, EUT take 70ms clearing time to disconnect the DER and EPS.
Open Phase
The purpose of open phase test is to verify that the interconnection system ceases to energize the EPS upon loss of an individual phase at the PCC or at the point of DER connection. EUT tested in this study is a single-phase product when the phase is opened EUT cease to energize the EPS after 15 ms clearing time. (Figure 8) 
Harmonics
When the DER is serving balanced linear loads, harmonic current injection into the EPS at the PCC shall not exceed the limits stated IEEE 1547 section 4.3.3. The harmonic current injections shall be exclusive of any harmonic currents due to harmonic voltage distortion presents in the EPS without the DER connected. The largest harmonic current presents at 3 rd harmonics (0.008%) is found in this study, as shown in Figure 9 . Total harmonic current distortion (THD I ) of 2.95% is indicated as well.
Reconnect Following Abnormal Condition Disconnect
Reconnect test for power conditioner is to verify the functionality of the DER interconnection component or system reconnect timer, which delays the DER reconnect to the EPS following a trip event. Figure 10 gives the case that DER reconnects to EPS after 57 sec when a trip event is occurred.
Certificate of Accreditation for the Proposed Test System
Besides, the constructions of hardware and software in proposed test system. The study also builds the relevant technical/quality documents according to ISO/IEC 17025: General requirements for the competence of testing and calibration laboratories [3] . Now the proposed power con-ditioner test system has already obtained Underwriters Laboratories (UL) and Taiwan Accreditation Foundation (TAF) certificate of accreditation. The test standard can be performed by proposed test system includes IEEE 1547 and UL 1741.
Conclusions
Power conditioner is responsible for energy conversion on the applications of distributed energy resource and renewable energy. It is important to estimate the performance of such device used in the field. IEEE 1547
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